12 United States Patent

Kitano

US008738308B2

(10) Patent No.: US 8,738,308 B2
45) Date of Patent: May 27, 2014

(54) METHOD, APPARATUS, AND PROGRAM
FOR DETECTING DECREASE IN TIRE AIR
PRESSURE

(75) Inventor: Masashi Kitano, Kobe (IP)

(73) Assignee: Sumitomo Rubber Industries, Ltd.,
Kobe (JP)

( *) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 1534(b) by 376 days.
(21) Appl. No.: 13/213,178
(22) Filed: Aug. 19, 2011

(65) Prior Publication Data
US 2012/0197551 Al Aug. 2, 2012

(30) Foreign Application Priority Data

Feb. 2, 2011  (IP) eoveeie, 2011-020525

(51) Int.Cl.
GOGF 19/00 (2011.01)

(52) U.S.CL
USPC ... 702/50; 702/148; 340/444; 340/426.33;
340/442; 340/445; 73/146; 73/146.4; 73/146.5;
701/70

(58) Field of Classification Search
USPC ............... 702/50, 148; 340/444, 426.33, 429,
340/440, 441, 442, 443, 445, 4477, '73/146,
73/146.2, 146.3, 146.4, 146.5; 701/70, 78,
701/79, 169

See application file for complete search history.

\_|Control unit TR
23____\|_I/0 interface

W P

CPU

—! FL[H{]FR

(56) References Cited
U.S. PATENT DOCUMENTS

4,777,611 A * 10/1988 Tashiroetal. ................ 702/148

4,876,528 A 10/1989 Walker et al.

7,248,953 B2* 7/2007 Ogawa ..........ccoooeennnn, 701/30.2

7,868,749 B2* 1/2011 Miyamoto etal. ............ 340/444

8,359,148 B2* 1/2013 Inoueetal. ..................... 701/78

8,466,782 B2* 6/2013 Kusunokietal. ............. 340/442
2005/0235744 Al* 10/2005 Ogawa ........ccoovvveevennnnnn, 73/146
2009/0261961 Al* 10/2009 Miyamoto .................... 340/444

FOREIGN PATENT DOCUMENTS

JP 63-305011 A 12/1988
JP 2005-53263 A 3/2005
P 2009-255711 A 11/2009

* cited by examiner

Primary Examiner — Carol S Tsai
(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
Birch, LLP

(57) ABSTRACT

A method of detecting a decrease 1n tire air pressure includes
calculating tire rotation information obtained from the wheel
tires; computing a {irst determination value showing a difier-
ence between the sums of the wheel rotation information of
pairs of wheel tires on two diagonal lines and a second deter-
mination value showing a difference between the sum of the
wheel rotation information of right wheel tires and the sum of
the wheel rotation information of left wheel tires; assuming,
the computed first and second determination values as points
on orthogonal coordinates; determining position of tire(s)
having a decreased pressure based on the argument of the
points on the polar coordinates; and comparing the moving
radi1 of the points on the polar coordinates with a predeter-
mined threshold value to thereby determine a decrease 1n tire
alr pressure.

12 Claims, 8 Drawing Sheets
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METHOD, APPARATUS, AND PROGRAM
FOR DETECTING DECREASE IN TIRE AIR
PRESSURE

TECHNICAL FIELD

The present mvention relates to a method, an apparatus,
and a program for detecting a decrease 1n tire air pressure. In
particular, the present invention relates to a method, an appa-
ratus, and a program for detecting a decrease 1n tire air pres-
sure by which the position of a tire having a decreased pres-
sure can be specified.

BACKGROUND ART

Conventionally, an apparatus for detecting a decrease in
tire air pressure uses a principle according to which a tire
having a decreased pressure has a smaller outer diameter (tire
dynamic loaded radius) than those of tires having a normal air
pressure and thus has an increased angular velocity (wheel
speed) when compared with other normal tires. For example,
in the case of a method of detecting a decrease 1n air pressure
based on the relative difference 1n the tire wheel speed, the
tollowing determination value DEL 1s used.

DEL={(V1+V48)2—(V2+V3) 2V {(V1+V2+V3+V4)/4}x
100(%)

When the absolute value of this DEL exceeds an alarm
threshold value, a decreased pressure alarm 1s 1ssued (see
Patent Literature 1 for example). In the formula, V1 to V4
denote the wheel speeds of a left-front wheel tire, a right-front
wheel tire, a left-rear wheel tire, and a right-rear wheel tire,
respectively.

However, although the above determination value DEL can
tell that any of the tires (one or two or more tires) has/have a
decreased pressure, the above determination value DEL can-
not tell which of the tires has a decreased pressure. A contin-
ued running with a tire having a decreased pressure equal to or
higher than a predetermined amount causes a disadvantage
that the fuel cost1s deteriorated due to an increased tire rolling,
resistance to thereby consequently cause a burst. Thus, when
such a decreased pressure occurs, a driver must adjust the tire
alr pressure in a nearby service station for example.

However, the failure to specity the position of a tire having
a decreased pressure may cause a risk of a long time to adjust
the air pressure.

To solve this, various methods have been suggested by
which a tire having a decreased air pressure can be specified
(see Patent Literatures 2 to 3 for example).

According to the methods disclosed 1n Patent Literatures 2
and 3, three determination values DEL1, DEL?2, and DELS3
are used so that a tire having a decreased pressure can be
specified based on the relation 1n the magnitude between the
respective determination values and a predetermined thresh-
old value. The determination value DEL1 1s obtained by
dividing a difference between the sums of the wheel rotation
information of pairs of wheel tires on two diagonal lines by a
predetermined average wheel speed. The determination value
DEL?2 1s obtained by dividing a difference between the sum of
the wheel rotation information of the front wheel tires and the

sum o1l the wheel rotation information of the rear wheel tires
by the predetermined average wheel speed. The determina-
tion value DEL3 1s obtained by dividing the difference
between the sum of the wheel rotation information of the right
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wheel tires and the sum of the wheel rotation information of
the left wheel tires by the predetermined average wheel speed.

CITATION LIST
Patent Literature

{PTL1} Japanese Unexamined Patent Publication No. 1988-
305011

{PTL2} Japanese Unexamined Patent Publication No. 2005-
33263

{PTL3} Japanese Unexamined Patent Publication No. 2009-
235711

SUMMARY OF INVENTION
Technical Problem

However, 1n the case of the methods of detecting a decrease
in tire air pressure according to Patent Literatures 2 to 3, these
methods can specity a tire having a decreased pressure when
one tire has a decreased pressure among four tires but cannot
specily tires having a decreased pressure when two or more
tires have a decreased pressure among the four tires. Thus,
there has been desired a method that can specily, even when
not only one wheel tire but also two or more tires have a
decreased pressure, the positions of the tires having a
decreased pressure.

The present invention has been made 1n view of the situa-
tion as described above. It 1s an object of the present invention
to provide a method, an apparatus, and a program for detect-
ing a decrease 1n tire air pressure that can specily, even when
not only one wheel tire but also two or more tires have a
decreased pressure, the positions of the tires having a
decreased pressure.

Solution to Problem

(1) In accordance with the present invention, there 1s pro-
vided a method of detecting a decrease in tire air pressure
(hereinafter also may be simply referred to as “detection
method™) for detecting a decrease 1n tire air pressure based on
wheel rotation information obtained from tires attached to a
4-wheel vehicle, including;:

a step of calculating tire rotation information obtained
from the respective wheel tires;

a step of computing a first determination value showing a
difference between the sums of the wheel rotation informa-
tion of pairs of wheel tires on two diagonal lines and a second
determination value showing a difference between the sum of
the wheel rotation information of right wheel tires and the
sum of the wheel rotation information of left wheel tires;

a step ol assuming the computed first and second determi-
nation values as points on orthogonal coordinates for which
any one of the first determination value and the second deter-
mination value 1s an X axis and the other 1s a Y axis and
converting the points to polar coordinates;

a step of determining position of tire(s) having a decreased
pressure based on the argument of the points on the polar
coordinates; and

a step of comparing the moving radi1 of the points on the
polar coordinates with a predetermined threshold value to
thereby determine a decrease 1n tire air pressure.

In the detection method of the present invention as well as
an apparatus and a program for detecting a decrease 1n tire air
pressure (which will be described later), the first determina-
tion value and the second determination value are computed
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based on wheel rotation information. Then, the first determi-
nation value and the second determination value are assumed
as points on orthogonal coordinates for which any one of the
first determination value and the second determination value
1s an X axis and the other 1s a Y axis and the points are
converted to polar coordinates. The present inventor has
found that, when assuming that the first determination value
and the second determination value are points on the polar
coordinate system (1, 0), the argument 0 thereof canbe used to
specily tire(s) having a decreased pressure. The specitying as
described above includes not only the specifying of one wheel
having a decreased pressure but also the specitying of two
wheels except for two front wheels and two rear wheels
having a decreased pressure. Specifically, the argument 0 can
be used to specily two diagonal wheels having a decreased
pressure, two left wheels having a decreased pressure, and
two right wheels having a decreased pressure. By expanding
the range within which a decreased pressure can be specified,
the labor and time required to adjust the air pressure can be
mimmized. Furthermore, a decrease 1n tire air pressure can be
determined by comparing the moving radius r with a prede-
termined threshold value. B

(2) In the detection method of (1), 1t 1s preferred that the
predetermined threshold value 1s different dependmg on the
argument of the point and the threshold value 1s changed
depending on the position of the tire having a decreased
pressure. In this case, the threshold value changed depending,
on the position of the tire having a decreased pressure can
reduce the dispersion of the decreased pressure level for 1ssu-
ing the decreased pressure alarm and also can reduce the risk
of a false alarm. Specifically, regardless of the position of the
tire having a decreased pressure, the decreased pressure alarm
can be 1ssued when the same level of the decreased pressure
(e.g., 20%-decreased pressure) 1s reached.

(3) In the detection method of (1) or (2), 1t 1s preferred that,
when the moving radius 1s larger than the predetermined
threshold value for a predetermined time, a decrease in tire air
pressure 1s determined and the predetermined time 1s different
depending on the position(s) of the tire(s) having a decreased
pressure. In this case, by changing the determination time for
1ssuing the decreased pressure alarm or not depending on the
position(s) of the tire(s) having a decreased pressure, the risk
ol a false alarm can be reduced.

(4) In accordance with the present invention, there 1s also
provided an apparatus for detecting a decrease 1n tire air
pressure (hereinaiter also may be simply referred to as “detec-
tion apparatus”™) for detecting a decrease 1n tire air pressure
based on wheel rotation information obtained from tires
attached to a 4-wheel vehicle, comprising:

a rotation information calculation means for calculating
wheel rotation information obtained from the respective
wheel tires;

a determination value computation means for computing a
first determination value showing a difference between the
sums of the wheel rotation information of pairs of wheel tires
on two diagonal lines and a second determination value show-
ing a difference between the sum of the wheel rotation infor-
mation of right wheel tires and the sum of the wheel rotation
information of left wheel tires;

a conversion means for assuming the computed first and
second determination values as points on orthogonal coordi-
nates for which any one of the first determination value and
the second determination value 1s an X axis and the other 1s a
Y axis and converting the points to polar coordinates;

a position determination means for determining position of
tire(s) having a decreased pressure based on the argument of
the points on the polar coordinates; and
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a decreased pressure determination means for comparing,
the moving radi1 of the points on the polar coordinates with a
predetermined threshold value to thereby determine a
decrease 1n tire air pressure.

(5) In the detection apparatus of (4), 1t 1s preferred that the
predetermined threshold value 1s different dependlng on the
argument ol the points and the threshold value i1s changed
depending on the position of the tire having a decreased
pressure. In this case, the threshold value changed depending
on the position of the tire having a decreased pressure can
reduce the dispersion of the decreased pressure level for 1ssu-
ing the decreased pressure alarm and also can reduce the risk
of a false alarm. Specifically, regardless of the position of the
tire having a decreased pressure, the decreased pressure alarm
can be 1ssued when the same level of the decreased pressure
(e.g., 20%-decreased pressure) 1s reached.

(6) In the detection apparatus of (4) or (35), 1t 15 preferred
that the decreased pressure determination means determines a
decrease 1n tire air pressure when the moving radius 1s larger
than the predetermined threshold value for a predetermined
time and the predetermined time 1s different depending on the
position(s) of the tire(s) having a decreased pressure. In this
case, by changing the determination time for issuing the
decreased pressure alarm or not depending on the position(s)
of the tire(s) having a decreased pressure, the risk of a false
alarm can be reduced.

(7) In accordance with the present invention, there 1s fur-
ther provided a program for detecting a decrease 1n tire air
pressure (heremnafter also may be simply referred to as “pro-
gram’”) that causes, 1n order to detect a decrease 1n tire air
pressure based on wheel rotation information obtained from
tires attached to a 4-wheel vehicle, a computer to function as:
a rotation nformation calculation means for calculating
wheel rotation information obtained from the respective
wheel tires; a determination value computation means for
computing a first determination value showing a difference
between the sums o the wheel rotation information of pairs of
wheel tires on two diagonal lines and a second determination
value showing a difference between the sum of the wheel
rotation information of right wheel tires and the sum of the
wheel rotation information of left wheel tires; a conversion
means for assuming the computed first and second determi-
nation values as points on orthogonal coordinates for which
any one of the first determination value and the second deter-
mination value 1s an X axis and the other 1s a Y axis and
converting the points to polar coordinates; a position deter-
mination means for determining position of tire(s) having a
decreased pressure based on the argument of the points on the
polar coordinates; and a decreased pressure determination
means for comparing the moving radi1 of the points on the
polar coordinates with a predetermined threshold value to
thereby determine a decrease 1n tire air pressure.

(8) In the program of (7), 1t 1s preferred that the predeter-
mined threshold value 1s different depending on the argument
ol the points and the threshold value 1s changed depending on
the position of the tire having a decreased pressure. In this
case, the threshold value changed depending on the position
of the tire having a decreased pressure can reduce the disper-
s1on of the decreased pressure level for 1ssuing the decreased
pressure alarm and also can reduce the risk of a false alarm.
Specifically, regardless of the position of the tire having a
decreased pressure, the decreased pressure alarm can be
issued when the same level of the decreased pressure (e.g.,
20%-decreased pressure) 1s reached.

(9) In the program of (7) or (8), it 1s preferred that the
decreased pressure determination means determines a
decrease 1n tire air pressure when the moving radius 1s larger
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than the predetermined threshold value for a predetermined
time and the predetermined time 1s different depending on the
position(s) of the tire(s) having a decreased pressure. In this
case, by changing the determination time for issuing the
decreased pressure alarm or not depending on the position(s)
of the tire(s) having a decreased pressure, the risk of a false
alarm can be reduced.

Advantageous Effect of Invention

According to the method, apparatus, and program of the
present mnvention, even when not only one wheel tire but also
two or more tires have a decreased pressure, the positions of
the tires having a decreased pressure can be specified.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a block diagram 1llustrating one embodiment of a
detection apparatus of the present invention;

FIG. 2 1s a block diagram illustrating an electric configu-
ration of the detection apparatus shown 1n FIG. 1;

FI1G. 3 illustrates the principle of the detection method of
the present invention;

FIG. 4 illustrates the plotting of DEL1 and DEL2 in
Example;

FIG. § illustrates the plotting of DEL1 and DEL2 in
Example;

FIG. 6 1illustrates the plotting of DEL1 and DEL2 in
Example;

FI1G. 7 1llustrates the border line for specitying a decreased

pressure position; and
FIG. 8 1illustrates the threshold value depending on the

decreased pressure position.

DESCRIPTION OF EMBODIMENTS

The following section will describe embodiments of a
detection method, an apparatus and a program of the present
invention 1n detail with reference to the attached drawings.
FIG. 1 1s a block diagram illustrating one embodiment of a
detection apparatus of the present invention. FIG. 2 1s a block
diagram 1llustrating an electric configuration of the detection
apparatus shown 1n FIG. 1.

As shown in FIG. 1, a detection apparatus according to an
embodiment of the present invention includes a normal wheel
speed detection means 1 1n order to detect the rotation speeds
of four tires provided 1n a four-wheel vehicle of a left front
wheel (FL), a nnght front wheel (FR), a left rear wheel (RL),
and a right rear wheel (RR). The normal wheel speed detec-
tion means 1 1s provided to be associated with the respective
tires.

The wheel speed detection means 1 may be, for example, a
wheel speed sensor that uses an electromagnetic pickup for
example to generate a rotation pulse to measure an angular
velocity and a wheel speed based on the number of pulses or
an angular velocity sensor such as a one that generates power
using rotation as in a dynamo to measure an angular velocity
and a wheel speed based on the voltage of the generated
power. The output from the wheel speed detection means 1 1s
given to a control unit 2 that 1s a computer such as ABS.
Connected to the control unit 2 are a display unit 3 comprising
of a liquid crystal display element, a plasma display element
or CRT for example for displaying a tire having a decreased
internal pressure; an initialization button 4 that can be oper-
ated by a driver; and an alarm unit 5 for notitying a driver of
a tire having a decreased internal pressure.
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As shown 1n FIG. 2, the control unit 2 1s composed of: an
I/O 1nterface 2a required for the exchange of a signal with an
external apparatus; a CPU 25 functioning as a computation
processing center; a ROM 2c¢ storing therein a control opera-
tion program of the CPU 2b4; and a RAM 24 into which data
1s temporarily written or from which the written data 1s read
out when the CPU 2b performs a control operation.

The wheel speed detection means 1 outputs a pulse signal
corresponding to the rotation number of a tire (hereinafter
also referred to as “wheel speed pulse™). The CPU 25 calcu-
lates, based on the wheel speed pulse outputted from the
wheel speed detection means 1, angular velocities F1 showing
the rotation speed information of the respective tires at every
predetermined sampling cycle AT (sec) (e.g., AT=0.05 sec-
onds).

The detection apparatus according to the present embodi-
ment 1s composed of: the wheel speed detection means 1; a
rotation information calculation means for calculating wheel
rotation 1information using the wheel speed pulse from the
wheel speed detection means 1; a determination value com-
putation means for computing a first determination value
showing a difference between the sums of the wheel rotation
information of pairs of wheel tires on two diagonal lines and
a second determination value showing a difference between
the sum of the wheel rotation information of right wheel tires
and the sum of the wheel rotation information of left wheel
tires; a conversion means for assuming the computed first and
second determination values as points on orthogonal coordi-
nates for which any one of the first determination value and
the second determination value 1s an X axis and the other 1s a
Y axis and converting the points to polar coordinates; a posi-
tion determination means for determining position of tire(s)
having a decreased pressure based on the argument of the
points on the polar coordinates; and a decreased pressure
determination means for comparing the moving radi of the
points on the polar coordinates with a predetermined thresh-
old value to thereby determine a decrease in tire air pressure.

The program according to the present embodiment 1s
installed 1in the control unit 2. The program causes the control
unit 2 to function as the rotation information calculation
means, the determination value computation means, the con-
version means, the position determination means, and the
decreased pressure determination means.

By the way, tires are manufactured to include a dispersion
within standard (1nitial difference). Thus, the respective tires
do not always have an identical effective rolling radius (a
value obtained by dividing the distance travelled by one rota-
tion by 2m) even when all of the tires have a normal internal
pressure, thus resulting in the respective tires having dis-
persed angular velocities Fi. To solve this, there 1s a method to
exclude the influence by the 1imitial difference from the angu-
lar velocities Fi for example. According to this method, the
tollowing 1nitial correction coetlicients K1, K2, and K3 are
firstly calculated.

K1=F1/F?2 (1)

K2=F3/F4 (2)

K3=(F1+K1xF2)/(F2+K2xF4) (3)

Next, the calculated 1nitial correction coelfficients K1, K2,
and K3 are used to calculate a new angular velocity F1, as
shown 1n the formulae (4) to (7).

F1,=F1 (4)

F1,=K1xF2 (5)
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F1,=K3xF3 (6)

F1,=K2xK3xF4 (7)

In the formulae, the 1nitial correction coetfficient K1 1s a
coellicient to correct the difference in the effective rolling
radius due to the initial difference between the front left and
right tires. The 1nitial correction coetficient K2 1s a coetlicient
to correct the difference in the effective rolling radius due to
the mitial difference between the rear left and right tires. The
initial correction coellicient K3 1s a coelficient to correct the
difference 1n the effective rolling radius due to the initial
difference between the front-left tire and the rear-left tire.
Based on the F1,, the wheel speeds Vi of the tires of the
respective wheels are calculated.

In the present embodiment, in order to determine a
decrease 1n tire air pressure, the following two determination
values DEL1 and DEL?2 are used.

(1) The first determination value DEL1 1s, as shown 1n the
tollowing formula (8), a value of a ratio obtained by deduct-
ing, with regard to pairs of wheel tires on two diagonal lines,
an average of the wheel speeds of one pair of wheel tires from
an average of the wheel speeds of the other pair of wheel tires
and dividing the resulting difference by the average wheel
speed of the four wheel tires.

DEL1={(V1+V4)/2-(V2+V3)/2}/(Vmean)x100(%) (8)

In the formula, V1 to V4 denote the wheel speeds of the
left-front wheel tire, the right-front wheel tire, the left-rear
wheel tire, and the right-rear wheel tire, respectively. Vmean
1s obtained by (V1+V2+V3+V4)/4.

(2) The second determination value DEL?2 1s, as shown 1n
the following formula (9), a value of a ratio obtained by
dividing the difference between the average wheel speed of
the right wheel tires and the average wheel speed of the left
wheel tires by the average wheel speed of the four wheels.

9)

In the present embodiment, the second determination value
DEL2 1s a determination value similar to the third determi-
nation value DELS3 in the above Patent Literature 2 or 3.

In the present invention, the first determination value
DEL1 and the second determination value DEL2 calculated
as described above are assumed as points on orthogonal coor-
dinates for which any one of the first determination value and
the second determination value 1s an X axis and the other 1s a
Y axis. Then, these points are converted to polar coordinates.
Specifically, when the first determination value DEL1 1s the X
axis for example, points given as (DEL1, DEL2) on the
orthogonal coordinate system are converted to points on the
polar coordinate system (r, 0). Then, a wheel having a
decreased pressure 1s specified based on the value of the
argument 0 of the polar coordinates.

According to the finding by the present inventor in the
running test of a 4-wheel vehicle mn which the tire(s) are
caused to have a decreased pressure under various situations
(1 wheel having a decreased pressure, 2 wheels having a
decreased pressure, 3 wheels having a decreased pressure,
and 4 wheels having a decreased pressure), when the points
representing the above-described first determination value
DEL1 and second determination value DEL2 on the orthogo-
nal coordinate system are converted to polar coordinates,
wheel(s) having a decreased pressure can be specified based
on the argument 0 of the points.

FI1G. 3 illustrates the principle of the detection method of
the present invention. In FIG. 3, the origin of the orthogonal
coordinate system 1s at the same position as the pole of the
polar coordinate system. The horizontal axis 1n the orthogo-

DEL2={(V1+V3)2-(V2+V4)/2}/(Vinean)x100(%)
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8

nal coordinate system shows the first determination value
DEL1 and the vertical axis shows the second determination
value DEL2. In FIG. 3, the eight half lines shown by the
broken lines denote the border lines DefConl to DefCons8.
These eight border lines divide the polar coordinate system to
cight regions. Based on the regions within which (DELI1,

DEL?2) exist (1n other words, based on the argument 0 of the
points (r, 0) obtained by converting the points 1n the orthogo-
nal coordinate system (DEL1, DEL2) to the polar coordinate
system), wheel(s) having a decreased pressure can be speci-
fied.

Specifically, the following tires having a decreased pres-
sure can be located.

1) If DeftConl<0=DefCon2 1s established, the left-front
wheel has a decreased pressure or the left-front wheel, lett-
rear wheel, and right-rear wheel have a decreased pressure.
2) I DetCon2<0=DefCon3 1s established, the left-front
wheel and the left-rear wheel have a decreased pressure.

3) If DetCon3<0=DefCond 1s established, the left-rear wheel
has a decreased pressure or the left-front wheel, right-front
wheel, and left-rear wheel have a decreased pressure.

4) If DetCond<0=DeiCon5 i1s established, the right-front
wheel and the left-rear wheel have a decreased pressure.

5) If DetCon3<0=DeiCon6 1s established, the right-front
wheel has a decreased pressure or the right-front wheel, lett-
rear wheel, and right-rear wheel have a decreased pressure.
6) I DetCon6<0=DefCon7 1s established, the right-front
wheel and the right-rear wheel have a decreased pressure.
7) I DetCon7<0=DefCon8 1s established, the right-rear
wheel has a decreased pressure or the left-front wheel, right-
front wheel, and right-rear wheel have a decreased pressure.
8) IT 0 1s other than the above (0 1s within a region between
DelCon8 and DeiConl 1n the counterclockwise direction),
the left-front wheel and right-rear wheel have a decreased
pressure.

I1 the point 1s at the origin (when DEL1 and DEL?2 are both
zero or very small and thus can be evaluated as being sub-
stantially zero), 1t can be determined that four wheels have a
decreased pressure, the left-front wheel and right-front wheel
have a decreased pressure (two front wheels have a decreased
pressure), the left-rear wheel and night-rear wheel have a
decreased pressure (two rear wheels have a decreased pres-
sure), or no wheel has a decreased pressure.

Specifically, 1n the present invention, based on the value of
the argument 0, there can be specified one wheel having a
decreased pressure or three wheels having a decreased pres-
sure or two wheels having a decreased pressure (two diagonal
wheels having a decreased pressure or two wheels at one side
having a decreased pressure). With regard to two wheels
having a decreased pressure, two front wheels having a
decreased pressure and two rear wheels having a decreased
pressure cannot be specified.

The eight border lines (0=DeiConl to DeifCon8) can be set
in the manner as described below for example.

With regard to the eight decreased pressure patterns of one
wheel having a decreased pressure (the left-front wheel hav-
ing a decreased pressure, the left-rear wheel having a
decreased pressure, the right-front wheel having a decreased
pressure, and the right-rear wheel having a decreased pres-
sure), two diagonal wheels having a decreased pressure (the
right-front wheel and left-rear wheel having a decreased pres-
sure, and the left-front wheel and right-rear wheel having a
decreased pressure), and two wheels at one side having a
decreased pressure (the left-front wheel and left-rear wheel
having a decreased pressure and the right-front wheel and
right-rear wheel having a decreased pres sure) DEL1 and
DEL2 are calculated while changing the running conditions
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such as the tires to be attached to the vehicle, the vehicle
speed, and the load. The decreased pressure level 1s a
decreased pressure level at which an alarm i1s 1ssued. The
decreased pressure level 1s a 20%-decreased pressure for
example when an alarm 1s desired to be 1ssued 1f a tire has a
decreased pressure 20%-lower than a normal pressure.

A plurality of values of DEL1 and DEL2 calculated with
regard to the respective decreased pressure patterns are plot-
ted to orthogonal coordinates. Then, the plurality of points are
subjected to the least-square method for example to calculate
the regression line passing the origin. As a result, eight half
lines passing the origin can be obtained. Next, a half line
passing the middle of two neighboring half lines 1s set. This
set half line can be used as the border line.

In FIG. 3, the half line shown by L1 1s a regression line
obtained from DEL1 and DEL2 when the left-front wheel has
a decreased pressure. The half line shown by L2 1s a regres-
s1on line obtained from DEL1 and DEL?2 when the left-front
wheel and left-rear wheel have a decreased pressure. Then,
DefCon2 can be set at the middle between L1 and L2.

When assuming that DELI1 1s the X axis and DEL2 1s theY
axis, the collection of the points obtained by plotting DEL1
and DEL2 1n the eight decreased pressure patterns can be
divided for the respective decreased pressure patterns. These
points appear 1n a fixed order starting from 0=0 1n the polar
coordinate system 1n the counterclockwise direction for
example. For example, the collection of points of (DELI1,
DEL?2) corresponding to a left-front wheel and a left-rear
wheel having a decreased pressure 1s adjacent 1n the counter-
clockwise direction to the collection of points of (DELI1,
DEL2) corresponding to a left-front wheel having a decreased
pressure, and the collection of points of (DEL1, DEL2) cor-
responding to a left-rear wheel having a decreased pressure 1s
adjacent 1n the counterclockwise direction to the collection of
points of (DEL1, DEL?2) corresponding to a left-iront wheel
and a left-rear wheel having a decreased pressure.

Whether an alarm 1s 1ssued or not 1s determined based on
the distance from the pole (1.e., the size of the moving radius
r). Specifically, the decreased pressure position 1s specified
based on the argument 6 of the points on the polar coordinate
system (r, 0) obtained based on DEL1 and DEL?2 calculated
during running. Then, whether a decreased pressure exceed-
ing the predetermined amount occurs or not (whether an
alarm 1s 1ssued or not) 1s determined based on the comparison
between the moving radius r and the predetermined threshold
value Tr. )

In this case, the threshold value 1s preferably changed
depending on the position of a tire having a decreased pres-
sure. Specifically, different threshold values are preferably set
to the respective eight decreased pressure patterns. By chang-
ing the threshold value depending on the position of a tire
having a decreased pressure, the dispersion of the decreased
pressure levels for 1ssuing the decreased pressure alarm can
be reduced and the risk of a false alarm can be reduced.
Specifically, regardless of the position of a tire having a
decreased pressure, the decreased pressure alarm can be
1ssued at the same level of the decreased pressure (e.g., a
20%-decreased pressure).

In the example shown 1n FIG. 3, the alarm threshold value
for DefConl1<08=<DefCon?2 1s set to r12. Further, the alarm
threshold value for DefCon2<0<DefCon3 can be set to 123,
and the alarm threshold value for DeiCon3<0=DefCond can
be setto r34. In the similar manner, r45, r56, r67, r78, and r81
can be set. The values o1 r12 to r81 as described above can be
appropriately determined, when an alarm 1s desired to be
1ssued 1f a 20%-decreased pressure 1s found, by calculating
the average value of the moving radi1 r and the standard
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deviation when the respective decreased pressure patterns
have a 20%-decreased pressure and setting the formula of the
alarm threshold value=the average value—the standard devia-

tion or the formula of the alarm threshold value=the average
value—the standard deviationx3 for example.

Example

Next, the following section will describe the detection
method of the present invention based on Example. However,
the present invention 1s not limited to such Example only.

A Tront-wheel-drive vehicle of an engine size of 1400 cc
was attached with tires (195/45R16) and was allowed to run
on a general road 1n Germany for about 30 minutes. With
regard to the respective six decreased pressure patterns (a
left-front wheel having a decreased pressure, a right-front
wheel having a decreased pressure, a left-rear wheel having a
decreased pressure, a right-rear wheel having a decreased
pressure, a left-front wheel and a left-rear wheel having a
decreased pressure, as well as a left-front wheel and a right-
rear wheel having a decreased pressure, the decreased pres-
sure level 1s lower by 20% than a specified pressure), DEL 1
shown by the formula (8) and DEL2 shown by the formula (9)
are calculated every one minute. Then, the average values of
DEL1 and DEL 2 are plotted to orthogonal coordinates as
shown 1n FIG. 4.

When a decreased pressure wheel 1s specified based on the
signs of DEL1 and DEL2 as 1n the prior art, a left-rear wheel
having a decreased pressure cannot be differentiated from a
left-front wheel and a left-rear wheel having a wheel
decreased pressure for example. In the case of the method
disclosed 1n Patent Literature 3, DEL1<-0.10 and
DEL2>0.10 for example are set so that an alarm 1s 1ssued
when a left-rear wheel has a decreased pressure (the hatched
region 1n FIG. 5 shows a region within which an alarm 1s
issued). I this method 1s used to also 1ssue an alarm when a
left-front wheel and a left-rear wheel have a decreased pres-
sure, however, DEL.<-0.03 and DEL2>0.10 must be set as
shown 1n FIG. 6. In this case, however, one wheel having a
decreased pressure cannot be differentiated from two wheels
having a decreased pressure. Sitmilarly, the hatched region in
FIG. 6 shows a region within which an alarm 1s 1ssued.

On the other hand, FIG. 7 illustrates the border lines Detl-
Conl to DeiCon8 shown by the broken line calculated by
performing a preliminary experimental running (an experi-
mental running carried out prior to the 30-minute experimen-
tal running) with regard to the above-described eight
decreased pressure patterns. In the present Example, Del-
Conl was set to 5 degrees, DelCon2 was set to 70 degrees,
DelCon3 was set to 120 degrees, DetCond was set to 150
degrees, DelCon5 was set to 200 degrees, DetCon6 was set to
265 degrees, DetCon7 was set to 300 degrees, and DefCon8
was set to 320 degrees.

As shown 1n FIG. 7, by specitying the position of a wheel
having a decreased pressure based on the argument O at the
points (r, 0) obtained by converting the points on the orthogo-
nal coordinate system (DEL1, DEL2) to the polar coordinate
system, the status that could not be i1dentified by the conven-
tional technique (one wheel having a decreased pressure or
two wheels having a decreased pressure) can be 1dentified.
Strictly speaking, the present invention can specifically pro-
vide the specilying of one wheel having a decreased pressure
or three wheels having a decreased pressure and two wheels
having a decreased pressure (except for two front wheels
having a decreased pressure and two rear wheels having a
decreased pressure). However, three wheels having a
decreased pressure or four wheels having a decreased pres-




US 8,738,308 B2

11

sure rarely occur. Thus, wheel(s) having a decreased pressure
can be practically specified 1n substantially all cases.

FIG. 8 shows an example in which a different threshold
value 1s set depending on the status of a decreased pressure. In
this example, the threshold value i1s defined based on the
distance from the origin (1.e., the moving radius r 1n the polar
coordinate system). A different threshold value set depending
on the status of a decreased pressure canreduce the dispersion
of the decreased pressure levels for 1ssuing the decreased
pressure alarm and can reduce the risk of a false alarm.
Specifically, regardless of the position(s) of tire(s) having a
decreased pressure, the decreased pressure alarm can be
1ssued when the same level of the decreased pressure (e.g., a
20%-decreased pressure) 1s reached.

It 1s preferred that, when the moving radius r 1s larger than
the predetermined threshold value Tr for a predetermined
time, a decrease 1n tire air pressure 1s determined and the
predetermined time 1s different depending on the position(s)
of the tire(s) having a decreased pressure. In this case, the risk
of a false alarm can be reduced by changing the determination
time for determining the decreased pressure alarm or not
depending on the position(s) of tire(s) having a decreased
pressure. For example, when two diagonal wheels have a
decreased pressure, an alarm can be 1ssued when the alarm
threshold value 1s exceeded for 20 seconds. When one wheel
has a decreased pressure, an alarm can be 1ssued when the
alarm threshold value 1s exceeded for 10 seconds. In the case
of this example, 1t 1s expected that one wheel having a
decreased pressure occurs more frequently than two diagonal
wheels having a decreased pressure. A trade-ofl relation 1s
established between the risk of a false alarm and the risk of
failing to 1ssue an alarm. These risks can be dispersed to
thereby reduce the total risk.

Other Modification Example

The present invention 1s not limited to the above-described
embodiment and can be subjected to various changes within
the scope of the claims. For example, the first determination
value DEL 1 showing a difference between the sums of the
wheel rotation information of pairs of wheel tires on two
diagonal lines and the second determination value DEL2
showing a difference between the sum of the wheel rotation
information of right wheel tires and the sum of the wheel
rotation information of left wheel tires are not respectively
limited to those represented by the formula (8) and the for-
mula (9). Any formula can be appropriately used so long as
the formula can represent or reflect a difference 1n the wheel
rotation information (e.g., wheel speed) between diagonal
wheels or a difference in the wheel rotation information
between left and right wheels, including the following for-
mula (8)' and formula (9)' for example.

DEL1={(V1+V4)/(V2+V3)-1}x100(%) (8)

DEL2={(V1+V3)/(V2+V4)-1}x100(%) (9)

With regard to how to calculate the border lines DefConl to
DelCon8, 1n addition to the use of a half line passing the
middle of neighboring regression lines as described above, a
discriminant function by a discriminant analysis for example
also can be used.
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26 CPU

2¢ ROM

2d RAM

3 Display unit

4 Initialization button
5 Alarm unit

What 1s claimed 1s:

1. A method of detecting a decrease 1n tire air pressure for
detecting a decrease in tire air pressure based on wheel rota-
tion information obtained from tires attached to a 4-wheel
vehicle, including:

a step of calculating tire rotation information obtained

from the respective wheel tires;

a step of computing a first determination value showing a
difference between the sums of the wheel rotation infor-
mation of pairs of wheel tires on two diagonal lines and
a second determination value showing a difference
between the sum of the wheel rotation information of
right wheel tires and the sum of the wheel rotation 1infor-
mation of left wheel tires:

a step ol assuming the computed first and second determi-
nation values as points on orthogonal coordinates for
which any one of the first determination value and the
second determination value 1s an X axis and the other 1s
aY axis and converting the points to polar coordinates;

a step of determining position of tire(s) having a decreased
pressure based on the argument of the points on the polar
coordinates; and

a step of comparing the moving radi1 of the points on the
polar coordinates with a predetermined threshold value
to thereby determine a decrease 1n tire air pressure.

2. The method of detecting a decrease 1n tire air pressure
according to claim 1, wherein the predetermined threshold
value 1s different depending on the argument of the point and
the threshold value 1s changed depending on the position of
the tire having a decreased pressure.

3. The method of detecting a decrease 1n tire air pressure
according to claim 1, wherein when the moving radius 1s
larger than the predetermined threshold value for a predeter-
mined time, a decrease 1n tire air pressure 1s determined and
the predetermined time 1s different depending on the position
(s) of the tire(s) having a decreased pressure.

4. The method of detecting a decrease 1n tire air pressure
according to claim 2, wherein when the moving radius 1s
larger than the predetermined threshold value for a predeter-
mined time, a decrease 1n tire air pressure 1s determined and
the predetermined time 1s different depending on the position
(s) of the tire(s) having a decreased pressure.

5. An apparatus for detecting a decrease 1n tire air pressure
for detecting a decrease 1n tire air pressure based on wheel
rotation information obtained from tires attached to a 4-wheel
vehicle, comprising:

a rotation information calculation means for calculating
wheel rotation mnformation obtained from the respective
wheel tires;

a determination value computation means for computing a
first determination value showing a difference between
the sums of the wheel rotation information of pairs of
wheel tires on two diagonal lines and a second determi-
nation value showing a difference between the sum of
the wheel rotation information of right wheel tires and
the sum of the wheel rotation information of left wheel
tires;

a conversion means for assuming the computed first and
second determination values as points on orthogonal
coordinates for which any one of the first determination
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value and the second determination value 1s an X axis
and the other 1s a Y axis and converting the points to
polar coordinates;

a position determination means for determining position of
tire(s) having a decreased pressure based on the argu-
ment of the points on the polar coordinates; and

a decreased pressure determination means for comparing,
the moving radii of the points on the polar coordinates
with a predetermined threshold value to thereby deter-
mine a decrease 1in tire air pressure.

6. The apparatus for detecting a decrease in tire air pressure
according to claim 35, wherein the predetermined threshold
value 1s different depending on the argument of the points and
the threshold value 1s changed depending on the position of
the tire having a decreased pressure.

7. The apparatus for detecting a decrease 1n tire air pressure
according to claim 35, wherein the decreased pressure deter-
mination means determines a decrease in tire air pressure
when the moving radius 1s larger than the predetermined
threshold value for a predetermined time and the predeter-
mined time 1s different depending on the position(s) of the
tire(s) having a decreased pressure.

8. The apparatus for detecting a decrease 1n tire air pressure
according to claim 6, wherein the decreased pressure deter-
mination means determines a decrease in tire air pressure
when the moving radius 1s larger than the predetermined
threshold value for a predetermined time and the predeter-
mined time 1s different depending on the position(s) of the
tire(s) having a decreased pressure.

9. A computer program product embodied on a non-tran-
sitory computer readable medium for detecting a decrease 1n
tire air pressure based on wheel rotation information obtained
from tires attached to a 4-wheel vehicle, the computer pro-
gram product comprising;

rotation 1nformation calculation computer-executable
instructions for calculating wheel rotation information
obtained from the respective wheel tires;

determination value computation computer-executable
istructions for computing a first determination value
showing a difference between the sums of the wheel
rotation information of pairs of wheel tires on two diago-
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nal lines and a second determination value showing a
difference between the sum of the wheel rotation 1nfor-
mation ol right wheel tires and the sum of the wheel
rotation information of left wheel tires:

conversion computer-executable instructions for assuming
the computed first and second determination values as
points on orthogonal coordinates for which any one of
the first determination value and the second determina-
tion value 1s an X axis and the other 1s a Y axis and

converting the points to polar coordinates;

position determination computer-executable instructions
for determining position of tire(s) having a decreased
pressure based on the argument of the points on the polar
coordinates; and

decreased pressure determination computer-executable

instructions for comparing the moving radi of the points
on the polar coordinates with a predetermined threshold
value to thereby determine a decrease 1n tire air pressure.

10. The computer program product for detecting a decrease
in tire air pressure according to claim 9, wherein the prede-
termined threshold value 1s different depending on the argu-
ment of the points and the threshold value 1s changed depend-
ing on the position of the tire having a decreased pressure.

11. The computer program product for detecting a decrease
in tire air pressure according to claim 9, wherein the
decreased pressure determination computer-executable
instructions are for determining a decrease in tire air pressure
when the moving radius 1s larger than the predetermined
threshold value for a predetermined time and the predeter-
mined time 1s different depending on the position(s) of the
tire(s) having a decreased pressure.

12. The computer program product for detecting a decrease
in tire air pressure according to claim 10, wherein the
decreased pressure determination computer-executable
instructions are for determining a decrease in tire air pressure
when the moving radius 1s larger than the predetermined
threshold value for a predetermined time and the predeter-
mined time 1s different depending on the position(s) of the
tire(s) having a decreased pressure.
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